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ICARUS-T600 (2018) MicroBooNE (2015) SBND (2019)
476 t LAr active mass 89 t LAr active mass 112 t LAr active mass
@600 m from BNB target @470 m from BNB target @110 m from BNB target
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Neutrino mode:
Excess: 162.0 = 47.8 (3.40)

Antineutrino mode:
Excess: 78.4+ 28.5(2.80)

Combined:
Excess: 240.3+34.5453.6
3.8 0 significance

PRL 2013, 110, 16180
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Neutrino Interactions
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https://arxiv.org/abs/1303.2588
http://pdg.lbl.gov/2015/reviews/rpp2015-rev-nu-cross-sections.pdf
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» Cold front-end electronics

 Laser Calibration system

e Understand & mitigate
effects of surface operation

* Long drift (2.5 m)

» Large data volumes to store
& reconstruct

* Dedicated supernova data

stream

And more ...

David Lorca, LHEP

Charge readout

3 wires planes:

2 induction planes
* 1 collection plane

Optical readout:

32 PMTs with TPB WLS
screens behind wires.
Scintillation light provides

§ trigger information.

JINST 12, PO2017 (2017)



http://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017/meta;jsessionid=DC657D18996F120301114136AE4ABDB3.c3.iopscience.cld.iop.org
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Charge readout

3 wires planes (8256 wires / 3 mm pitch):
2 induction planes (U and V at +/- 60°)

* 1 collection plane (Y), vertically oriented

Sense Wires
Uuvy V wire plane waveforms

Liquid Argon TPC — [
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Neutrino Detection in Liquicl Argon

Run 3493 Event 41075, October 23", 2015

TPC event clisplag
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https://www.youtube.com/watch?v=R5G1_hW0ZUA
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~ 77 b

L9 Installation and commissioning

completed in October 2015

Neutrino interactions:
BNB:

~14000 v, CC interactions
~55000 v, NC interactions

NuMi:
~60000 Yy CCint. & ~12000 ¥, CC int.
~25000 Vi NC int. & ~8000 v, NC int.

BNB Protons On Target NuMI Protons On Target
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Electron drift lifetime
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MicroBooNE Public Note 1003

nBooNE _

e MicroBooNE drift distance
(cathode to anode): 2.56 m

 High-purity LAr is critical for the
operation of a LArTPC

Using a combination of gaseous purge and
liquid argon purification (no evacuation),
design requirements were exceeded

Measure electron
lifetime > 6 ms

David Lorca, LHEP V4


https://www-microboone.fnal.gov/publications/publicnotes/MICROBOONE-NOTE-1003-PUB.pdf
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Cosmic Ray Tagger System  [JLSO: 38

The CRT will be used for cosmic removal
and detector physics studies

Plastic scintillator modules with SiPMs readout

Custom electronics for digitisation and triggering
(now licensed by CAEN)

73 modules in 4 planes surrounding the cryostat

85% coverage for through going muons

MDPI - Instruments 1010002

MicroBooNE Cosmic Ray Tagger scheme

David Lorca, LHEP 8


http://www.mdpi.com/2410-390X/1/1/2
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Publications by the MicroBooNE Collaboration:
© Public Notes page

AI rea dy 7 pu b I icati O n S a n d m a ny p u bl IC n Otes . < MicroBooNE collaboration, "The Pandora Multi-Algorithm Approach to Automated

Pattern Recognition of Cosmic Ray Muon and Neutrino Events in the MicroBooNE

The collaboration is very active in using the data already petector’, apfIZOROILES, submitted to fur. Phys. . €
< MicroBooNE collaboration, "Measurement of Cosmic Ray Reconstruction Efficiencies in

g ath e red . the MicroBooNE LAr TPC Using a Small External Cosmic Ray Counter®,
arXiv;1707,09903, submitted to JINST

< MicroBooNE collaboration, "Noise Characterization and Filtering in the MicroBooNE
Liquid Argon TPC", arXiv:1705.07341, JINST 12,  PO8003 (2017)
o8- et MICTOBOONE Data (stat only)

~}= MC Defasit (statesyst. ermors) < MicroBooNE collaboration, "Michel Electron Reconstruction Using Cosmic Ray Data from

= MCwih MEC the MicroBooNE LAr TPC®, arXiv:1704,02927, submitted to JINST
MC with TEM

Otwerved Charged Particle Tracks in Nestrino Interactons

Measurement of Reconstructed
Charged Particle Multiplicities

event fraction

of Neutrino Interactions in

0s MicroBooNE Prefiminary < MicroBooNE collaboration, "Determination of Muon Momentum in the MicroBooNE LAr
MicroBooNE NE TPC Using an Improved Model of Multiple Coulomb Scattering”, arXiv:1703.06187,
, , submitted to JINST
MicroBooNE Public Note 1024 =
02 < MicroBooNE collaboration, "Convolutional Neural Networks Applied to Neutrino Events
of KE,.>37 MaV.KE >82 MeV in a Liquid Argon Time Projection Chamber”, arXiv:1611,05531, 1INST 12, P03011
\ . (2017)
Track particle . 1 H 3 < B 2
primary daughter of e normalized observed multilicity & MicroBooNE collaboration, "Design and Construction of the MicroBooNE Detector”,
RS arXiv:1612.05824, JINST 12, P02017 (2017)
Shower puricer MicroBooNE Publications page
Y
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: terisalio
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MicroBooNE Public Note 1025
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https://www-microboone.fnal.gov/publications/publicnotes/MICROBOONE-NOTE-1015-PUB.pdf
https://www-microboone.fnal.gov/publications/publicnotes/index.html
https://www-microboone.fnal.gov/publications/publicnotes/MICROBOONE-NOTE-1025-PUB.pdf
https://www-microboone.fnal.gov/publications/index.html
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Example of Excess Noise
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Wire Noise Filtering

nBooNE _

* Low-noise operation of readout electronics
is critical for reconstruction purposes.

e Using first year data, several noise sources in
the TPC were identified and mitigated.

* Hardware upgrades and noise filtering techniques
improved the signal to noise ratio on all planes >16.

JINST 12, PO8OO3 (2017)

MicroBooNE

After noise removal
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https://arxiv.org/abs/1705.07341
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» Pandora provides a multi-algorithm approach to
automated pattern recognition for LArTPC detectors
such as MicroBooNE

» Addresses problem with ©(100) algorithms to build the
event (each algorithm addresses a specific task in a
particular topology)

 PandoraSDK provides the software infrastructure to
manage the algorithm chain. Eur. Phys. J. C75,no. 9, 439

Matching of true-reconstructed particles

CCQELv, — p+p \
#Matched Particles | 0 1 2 3+ ;\
u 13% |958%| 29% 0.1% el N
p 8.9% [87.3%| 3.6%  02%
w [wire]
arxiv:1708.03135, submitted to EPJC L.
x [drift]
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LHEP Pandora pattern recognition [0S

Track particle:
primary daughter of
neutrino

L)

Shower particle:
primary daughter of
neutrino

Y

\

Shower particle: { Track particle
primary daughter of ‘ : ¢

neutrino

w [cm) P

_ 3D neutrino
I—v x [em] interaction vertex

MicroBooNE Public Note 1015

MicroBooNE Simulation

.....



https://www-microboone.fnal.gov/publications/publicnotes/MICROBOONE-NOTE-1015-PUB.pdf
https://link.springer.com/article/10.1140/epjc/s10052-015-3659-3
https://arxiv.org/abs/1708.03135
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e Accumulated positive LAr ions creates a
Space Charge Effect (SCE) in the TPC,
distorting reconstructed tracks

Cathode

* A small muon tagger (MuCS) installed above the
TPC was used to study the SCE with
reconstructed entry and exit points for muons ...

| N

David Lorca, LHEP
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... and determine the necessary
corrections to the SCE

MicroBooNE Public Note 1018



https://www-microboone.fnal.gov/publications/publicnotes/MICROBOONE-NOTE-1018-PUB.pdf

Optics to reflect laser into cryostat

LABORATORIUM FUR HOCHENERGIEPHYSIK

LHEP

UNIVERSITAT BERN

Space charge effect nBooNE _

Similar studies can be performed

£

UV laser

External optical bench
4 Feed through for UV laser

--------------------------------------

\| .=} 'pbsSible UV laser paths

mirror

Steerable [~

Drift volume

David Lorca, LHEP

70 cm

UV Laser Run 1306 Event 134. August 10™ 2015 11:03

e A steerable UV Laser

Cryostat

(& improved) by using:

* Cosmic Ray Tagger system providing
larger coverage for crossing muons

Calibration source
producing straight tracks
across the TPC

JINST 9, T11007 (2014)

pBooNE e

“1800""%20" 40 60 80 100 120 140 60 180

MuCs - CRT coverage comparison



http://iopscience.iop.org/article/10.1088/1748-0221/9/11/T11007/pdf
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Michel electrons MB@

Michel Electron Reconstructed Energy Spectrum

{ DATA
- Simulation

s h MicroBooNE
H statistical errors only

2.0

uBooNE _

/

ionization due to

Bremsstrahlung photons\‘ @

reconstructed Michel electrons / I’ cosmic events

track-like ionization segment i i
0! )
os| ¢+ “
O .
i 'y
A O
0.0 = “o.v.':'.‘s’
"0 10 20 30 40 50 60 70 80
COSMIC DATA : RUN 4411 EVENT 57609. January 7 2016 reconstructed energy [MeV]
 Michel electrons produced by decay at rest of cosmic Fully-automated set of
muons are used for low energy response studies. algorithms for reconstructing

these EM showers.

* At these energies, up to 50 MeV, ionization electrons and

bremsstrahlung contribute similarly to electron energy loss arxivil704.02927, submitted to JINST
in LAr.
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https://arxiv.org/abs/1704.02927
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Nu: 0.926

S
293.3 ¢cm

MicroBooNE
Simulation + Data Overlay

600 ... . MicroBooNE
Simulation
" 5008 ; ..
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Electron Classification Score
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Neural Networks u130®%

* Machine Learning (Neural Networks
for image recognition) used for
analysis of high quality images

provided by MicroBooNE

JINST 12, PO30I11 (2017)

* Studies with MC data demonstrate the

potential of these tools for particle ID

and finding neutrino events and vertex
Interactions.

Application to BNB data soon

0.45 Neutrino ID Network |
~0.40
u z 4 v 7 7’
g 0.35 Neutrino interaction ﬁnclmg
®
£ 0.30
S |
Z 0.25 'mmm Neutrino
§0.20 B Cosmic
g ‘ ’
- 0.15 MicroBooNE
;c: 0.10 I Simulation + Data Overlay
& 0.0

0'08.0 0.2 0.4 0.6 0.8 1.0
Neutrino Classification Score



http://iopscience.iop.org/article/10.1088/1748-0221/12/03/P03011/pdf
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pBooNE

pBooNE

Successful automated
reconstruction and neutrino

event selection using LArSoft

MicroBooNE Public Note 1010

Run 3493 Event 41075, October 23", 2015 Run 3469 Eveat 53223, October 21, 2015
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Optical reconstruction in . . . L
P First kinematic event distributions

coincidence with beam spills
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https://www-microboone.fnal.gov/publications/publicnotes/MICROBOONE-NOTE-1010-PUB.pdf
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Summary nBooNE _

* MicroBooNE is the first operating detector of the SBN program,
collecting and analysing data since October 2015.

More than 6.0e20 BNB (8.5¢20 NuMI) POT have been collected.
. Algorithms for automatic reconstruction are functioning.

« Continuous upgrades to hardware and software further improve
detector performance.

Installation of an external Cosmic Ray Tagger System for mitigating
surface operation effects.

» Several analyses and publications already out and more to follow
(Noise Characterisation, Michel electrons, Neural Networks, etc. ).

David Lorca, LHEP
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